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Abstract
The work is carried out to determine an optimal method to obtain the welded bimetallic joints of monolithic Mg-alloy with porous Al-alloy
using gallium as chemical activator and heating up to 300 °C by two different methods: long-term in vacuum oven and short-term without
vacuum by passing of low voltage current. There is no microstructure change in Al-foam but indentation test records the negligible reduction
of the mechanical properties. SEM showed the crystallization of two types of Mg5Ga2 and Mg2Ga inter-metallic phases in the wavy uneven
diffusion zone on Mg-alloy side with significant increase of micro-hardness and Young’s modulus. The narrow depth of the diffusion zone takes
place in joints by short-term heating, so this method is more applicable for welding of monolithic and porous alloys at chemical activation using
gallium.
© 2016 Production and hosting by Elsevier B.V. on behalf of Chongqing University. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Diffusion; Welding; Bimetallic; Aluminum foam; Magnesium alloy
1. Introduction
Lightweight welded panels of aluminum foam in a pair with
monolithic magnesium alloys can be used to improve specific
strength – important characteristic of any mobile and transport-
ing device. Magnesium alloys are 30% lighter than aluminum,
and a porous alloy is 40…90% lighter than monolithic materials
[1]. Obtaining of such bimetallic panels is a difficult techno-
logical task due to the necessity to join wide cross-section of
pore’s thin walls (0.5–1 mm) with a monolithic surface. Our
preliminary experiments [2–4] confirmed the possibility to get
bimetallic joints from different alloys using Ga (as an activator)
and traditional diffusion welding in a vacuum oven (heating up
to 300 °C during 10 hours). However, the negative aspect of
such long-term heating is the reactive diffusion of Ga along
grain’s boundaries into volume of polycrystalline aluminum
alloys with and reducing of the mechanical properties. It is
known that at short-term welding by passing of a low voltage
current – the heating is localized primarily on the surfaces to be
joined, so we should obtain a narrow depth of the diffusion
zone and to minimize chemical transformations of the
microstructure.
The aim was to determine the optimal method of heating up
to 300 °C for diffusion welding of monolithic magnesium alloy
with a porous aluminum alloy using chemical activation by
gallium. Determination is based on research of the diffusion
depth, microstructure’s transformation and mechanical proper-
ties after activation.
2. The results and discussion
Table 1 shows the materials for experiments: sheet of stan-
dard Mg-alloy (Mg-Al-Zn system, 6 mm thickness) and
Al-foam plate (Al-Mg-Zn system, 10 mm thickness, closed-cell
pores ø1–2 mm, porosity 80%).
Bimetallic joints (Fig. 1) were obtained at welding heating
up to 300 °C performed in two different ways: 3 hours in a
vacuum oven and 3 minutes without vacuum by passing a low
voltage current. Thermocouple and thermal imager were used
for thermal control. Layer of liquid gallium (melting tempera-
ture is 29 °C) was deposited for chemical activation of surfaces.
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The joint zone was studied using optical and scanning electron
microscopy (SEM) and micromechanical test with 20 g load on
the Berkovich indenter.
Fig. 2 shows that heating by current allows obtaining
more homogeneous and narrower 40 µm diffusion zone com-
pared to 100 µm with vacuum heating. However, SEM
showed the formation of two wavy uneven diffusion zones on
side of Mg-alloy for both heating methods: zone 1–34%Mg-
0,3%Zn-64%Ga, zone 2–93%Mg-0,8%Zn-0,9%Ga. According
to binary diagram this corresponds to Mg5Ga2 and Mg2Ga inter-
metallic phases. This process can be described more precise as
the simultaneous formation of two layers of diffusion zones:
mutual-germinated crystallites of a solid Ga solution in the
crystal lattice of Mg-alloy and binary eutectic solution of
Ga-Mg.
SEM maps show chemical distribution of gallium in mag-
nesium (Fig. 3). Diffusion zone 2 has a clear high-contrast wavy
front which is characterized by higher concentration of gallium
and absence of magnesium.
Indentation diagrams (Fig. 4a) show the gradient of
microhardness and Young’s modulus across the diffusion zone
of welded joints. In diffusion zone of Mg-alloy there’s a sig-
nificant increase of Young’s modulus from 42 GPa to 110 GPa
and microhardness from 1.2 GPa to 5 GPa.
The microstructure changes on Al-foam side are not
observed but indentation test shows slight reduction of
mechanical properties: hardness from 0.6 GPa to 0.4 GPa, and
Young’s modulus from 70 GPa to 50 GPa.
3. Conclusion
Research shows that vacuum is not necessary and the most
optimal and effective method for obtaining bimetallic joints of
Mg-alloy with Al-foam is short-term heating passing a low
voltage current. This method allows to get homogenous
increased level of mechanical properties in the diffusion zone.
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Table 1
Chemical composition of joining materials.
Material Al Mg Zn Cu Other
Al-foam 63.21 6.74 5.98 2.19 21.88*
Mg-alloy 4.00 94.00 1.00 0.05 0.95
* Including foaming agents.
Fig. 1. Microstructure of welded joint (a) and pore’s wall of Al-foam welded
with Mg-alloy surface (b).
Fig. 2. Microstructure of diffusion zone (SEM) at welding in vacuum (a) and
by passing a current (b).
Fig. 3. Chemical maps (wt. %, SEM) of the diffusion zone in Mg-alloy with
distribution of gallium (a) and magnesium (b).
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Fig. 4. Mechanical properties microhardness and Young’s modulus across the diffusion zone of welded joints.
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